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I. INTRODUCTION 
A. Aim and Scope of the Investigation. 
The purpose of this work is to make available new 
and original data in connection with certain binary mix-
tures of organic compounds, namely, the systems, benzene-
chlorobenzene and benzene-fluorobenzene. These data are to 
be correlated with those of investigations in connection 
with other binary systems of benzene and mono-substituted 
benzenes in order to determine what relation, if any, 
exists between the equilibrium diagram and the nature of 
the substituent group. Except for a few details, the 
method and technique of determining the equilibrium dia-
grams of these systems is available in standard works on 
the subject. 
B. Review of the Literature. 
Similar investigations of other systems are quite 
extensive as indicated by a survey of the literature, 
(1) 
such as, International Critical Tables, and Seidell's 
(2) (3) (4) (5) 
work. Kramer, Richiardi, and Mullen have studied equi-
librium diagrams of other binary systems of benzene 
and mono-substituted benzenes of which this present 
work is an extension. 
Methods for the investigation of equilibrium dia-
grams in general are available in standard works on the 
( 6) 
subject. These sources include the works of Findlay, 
1 
(7) 
Bowden, and various advanced laboratory books in physical 
chemistry. However, a modification of the standard pro-
cedure for phase rule studies has been necessary since 
most of these methods are concerned with systems whose com-
ponents and mixtures freeze at relatively high temperatures 
requiring only ordinary thermometers and only air as a 
cooling medium. Kramer, Richiardi,.and Mullen, in the works 
previously cited, have developed methods for carrying out 
phase rule studies at low temperatures as required by this 
particular investigation. 
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II. THEORY 
The generalization known as the phase rule was first 
stated by J. Willard Gibbs in 1874. It applies to hetero-
geneous systems in equilibrium. In order to describe a sys-
tem on the basis of the phase rule, "phase-rule diagrams" 
are developed based on the experimental measurement of the 
variables involved. Phase rule diagrams are, to mention 
only a few examples, very useful in testing for compound 
formation, in studying alloys, and in fractional crystalli-
zation of many diff$rent salts. 
One of the simplest methods of constructing a phase 
rule diagram for a two-component system is to determinec, 
the "cooling curves" for a series of mixtures of known 
compositions. A cooling curve is a plot of temperature 
against time beginning at a temperature where the entire 
mass is liquid and continuing until it has all solidified. 
So long as no transition or change of phase is occurring, 
the rate of cooling will be, for a restricted range of 
temperature, practically constant. When a transition or 
a change of phase is occurring, the rate of cooling is non-
uniform and there will be an abrupt break or change of 
slope in the curve. E. g. when the freezing point is 
reached, the solid will form at a rate sufficient to supply 
the heat lost by radiation and the temperature will remain 
constant until all of the liquid has solidified, provided 
the new phase has the same composition as the liquid phase 
3 
(as in the case of a pure substance). However, if the new 
phase differs in composition from that of the liquid phase 
(as in the case of mixtures), the cooling curve undergoes 
a gradual change in direction because the composition of 
the liquid phase is continually changing as the temperature 
falls. The point at which this change in direction occurs 
is the "freezing point" or the mixture. This change conti-
nues until at a certain composition the temperature is 
again constant, indicating a solid phase is separating out. 
This solid phas~ is a mixture or the components or the 
system; the temperature &t which it separates out is 
called the eutectic point, and the composition of the mix-
ture is called the eutectic mixture. The eutectic temper-
ature is always the lowest freezing point of a system, and 
at this temperature both solid phases are in equilibrium 
with the liquid phase. 
The "equilibrium diagram" of the system, or the "phase 
diagram" is a composite of a series of such cooling curves 
obtained from a series of mixtures of each of the two com-
ponents (in the case of a binary system). The different 
solid and liquid phases which occur at any particular tem-
perature and composition are indicated in the diagram. 
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III. EXPERIMENTAL PROCEDURE 
A. Preparation of Samples. 
The binary mixtures were prepared by weighing to the 
fourth place on a "Chainomatic" balance varying amounts 
of chlorobenzene or fluorobenzene (the less volatil~ com-
ponent in each system). A tared weighing bottle was used 
and the liquids transferred to it by means of a pipette 
and weighed. The benzene was then added ln a similar 
manner to give samples differing by approximately the 
same increments. The total weight of mixtures taken for 
examination was roughly the same in each case in order to 
maintain comparable rates of cooling. A total of twenty 
samples for each system was thus prepared. These samples 
were thoroughly mixed by shaking and kept covered until 
used, since all of the components are rather volatile. The 
cooling curves were then immediately determined on a por-
tion of the stock mixture. All of the precautions required 
for determining the cooling cur~es, such as proper rate 
of cooling and stirring, and insulation of the mixtures 
were taken. 
B. Materials. 
All of the chemicals used were Eastman Kodak Company 
products. They were carefully purified by distillation in 
a glass fractionating column and that portion was collected 
which distilled in a boiling range of to.l°C. at the correct 
boiling point for the prevailing pressure. The following 
physical constants were determined: 
IDH acl 
refractive index (Abb~), nB1 : 1.5001 1.5248 1.4670 1.4608 
density, dio : 0.879 1.107 1.025 1.583 
boiling point (±o.l°C. @ 760mm.)80.0 131.6 85.0 76.3 
Accepted values for the pure substances are as follows: 
refractive index (Abbe), nB0 : 
density, dl0 : 
boiling point, @ 760mm., 0 c. 
* n@ 15oc. 
** n@ 21°c. 
fH iCl 
1.501 1.526* 
0.879 1.107 
80.3611 132.1 
iF CCl4 
1.4677 1.4607 
1.024 1.582** 
85-86 76.0 
# Values in the literature for this constant vary slightly. 
The freezing mixture consisted of solid carbon dioxide 
and acetone. The thermocouple pyrometer was calibrated with 
the above purified substances. In addition another point 
was obtained using pure water. 
c. Apparatus. 
The apparatus used in this work was similar to that of 
Kramer, Richiardi, and Mullen. Essentially it consisted of 
an acetone-dry ice bath for cooling the samples, and a 
thermoelectric pyrometer system for measuring the tempera-
tures. 
The acetone•dry ice mixture was contained in a beaker 
which was in turn placed in a nest of two larger beakers 
insulated with heavy layers of cotton in order to minimize 
heat transfer. 
The tubes containing the samples were sheated in a 
slightly larger tube which acted as an air jacket and pre-
vented extremely rapid cooling of the samples when placed 
in the freezing mixture. A copper spiral was used for stir-
ring the samples. The variable thermocouple jun~ion and 
the stirrer were inserted through a drilled stopper which 
fitted the sample tubes, thus preventing evaporation of the 
samples during investigation. 
A copper-constantan thermocouple was used in conjunction 
with a millivoltmeter. The thermocouple junctions were 
twisted together and silver spldered. The millivoltmeter 
scale was graduated into an arbitrary scale of 100 units, 
and the instrument was wired to produce a full scale deflec-
tion within a range a 3.8 millivolts. The thermocouple 
terminals were connected permanently to the instrument 
since at such low e.m.f.'s as these a small amount of dirt 
is sufficient resistance to affect the readings. The ref-
erence junction was kept in a reflux bath of boiling car-
bon tetrachloride. 
The system was calibrated from day to day before each 
set of curves was run since the readings on the instrument 
varied with the atmospheric conditions. Various pure sub-
stances were used as fixed points for calibrating the 
pyrometer. The freezing points of these substances were 
plotted against the observed freezing points on the pyro-
meter scale. 
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Views of the Assembled Apparatus 
IV. RESULTS: THE SYSTEM BENZENE-CHLOROBENZENE 
Observations on the benzene-chlorobenzene system are 
presented in the form of tables and graphs on the following 
pages. Table IV-1 summari~es the data on the preparation 
of the samples for this system. Tables IV-2 to IV-6 inclu-
sive present the data in connection with the calibration 
of the instrument and the pyrometer readings for each group 
of samples. Accompanying each of these (Tables IV-2 to IV-6) 
is a set of curves plotted from the corresponding data. The 
observed data from the cooling curves of the system are in 
turn summarized in Table IV-7; from these the equilibrium 
diagrams of the system follow. 
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TABLE IV-1 
COMPOSITION OF SAMPLES: THE SYSTEM BENZENE-CHLOROBENZENE 
Weight of Weight of Total Percent Percent 
sam;ele Chlorobenzene Benzene Weight Chlorobenzene Benzene 
C-1 o.oooo g 8.7351 g 8.7351 g o.oo 100.00 
C-2 0.5454 8.0737 8.6191 6.33 93.66 
C-3 1.1250 7.5255 8.6505 13.00 87.00 
c-4 1.5571 7.6131 9.1702 15.89 84.11 
C-5 2.1810 7.2858 9.1.1-668 23.04 76.96 
C-7 2.9548 6.0816 9.0364 32.69 67.31 
c-8 3.7652 5.6120 9.3772 40.15 59.85 
C-9 4.4375 5·7300 10.1675 43.64 56.~6 
0-10 5.6419 3.5341 9.1760 61.48 38.52 
C-11 5.8831 4.3522 10.2353 57.84 42.16 
C-13 6.6266 3.4636 10.0902 65.67 34.33 
C-14 7.2773 3.1001 10.3774 70.12 29.88 
C-15 7-7781 2.8876 10.6657 72.92 27.08 
C-16 8.2176 1.9357 10.1533 80.93 19.07 
C-17 9.2063 1.6932 10.8995 84.47 15.53 
C-18 9.9830 1.2414 10.2244 87.86 12.14 
C-19 9.7912 0.8427 10.6339 92.07 7.93 
C-22 2.9299 7.9081 10.8380 27.03 72.97 
C-23 7.6631 2.5734 10.2365 74.86 25.14 
~ .1..1. 
,- TABLE I'l-2 
COOLING CURVES, SAMPLES C-2, 3. 4. and 5 
calibration: F. P. ~ oc.) F • p • ~Scale Units) 
Benzene +5.48 48.5 
Water o.o 52.0 
Carbon Tetrachloride -22.9 66.3 
Fluorobenzene -41.2 77.8 
Chlorobenzene -45.2 79.8 
Sample C-2 c-;, C-4 C-2 
35.0 34.5 35.0 34.3 
35·5 35.0 35.8 34.5 
37.0 36.5 36.3 35.8 
·Temperatures·· 39.0 38.5 41.0 38.0 (Scale Units) 41.0 40.8 43.8 40.5 
at 15 second 43.5 43.0 46.5 43.5 
intervals. 45.0 44.8 49.0 46.0 
47.0 47.0 51.0 48.3 
48.5 49.0 52.5 49.8 
49.8 51.0 54.0 51.3 
50.0 51.8 54.5 53.3 
50.3 52.0 54.8 55.3 
50.3 52.3 55.0 56.0 
50.3 52.4 55.3 56.3 
50.3 52.5 55·5 56.5 
50.3 52.8 55.8 56.8 
50.3 52.8 56.0 57.0 
50.4 52.8 56.3 57.5 
50.5 53.0 56.5 58.0 
50.8 53.3 56.8 
51.0 53.5 57.0 
51.3 53.8 
51.5 54.0 
54.3 
54.5 
F. P. 
(Scale Units) 50.3 52.8 54.5 56.0 
F • p • <oc.) 2.50 -1.5 -4.2 -6.6 
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TABLE IV-' 
COOLING CURVES, SAMPLES C-7 and 8 
Calibration: 
Benzene 
Water 
Chlorobenzene 
Sample 
Temperatures 
(Scale Units) 
at 15 second 
intervals. 
F. P. {Scale Units) 
F. P. {°C.) 
F. P. {°C.) F. P. {Scale Units) 
+5.48 49.0 
o.o 
-45.2 
C-7 
3b.5 
37.0 
39.0 
42.5 
45.5 
48.0 
50.5 
53.0 
ss.o 
57.0 
59.0 
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61.5 
62.3 
62.8 
63.1 
63.5 
64.0 
64.5 
61.6 
-14.8 
C-8 
37.0 
37.8 
40.5 
43.0 
45.0 
47.0 
49.0 
50.8 
52.5 
54.3 
56.0 
57.5 
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60.3 
62.0 
63.3 
63.8 
64.2 
64.5 
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65.5 
66.0 
66.5 
67.0 
67.5 
63.5 
-18.0 
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TABLE IV-4 
COOLING CURVES,.SAMPLES C-9, 10, and 11 
calibration: F. P. ~°C·l F. P. ~Scale Units} 
Benzene +5.48 48.5 
Water o.o 52.0 
Fluorobenzene -41.2 79.0 
=-
E?-mple C-9 C-10 C-11 
35.5 39.2 38.4 74.7 
38.8 39.8 39.5 75.0 
40.5 42.0 41.4 75.3 
42.6 45.2 43.1 75.7 
44.5 47.1 44.8 75.9 
Temperatures 46.7 48.6 46.7 76.4 (Scale Units) 48.4 51.1 48.3 76.7 
at 15 second 50.2 53.8 50.5 77.2 
intervals. 51.5 56.0 52.4 
53.j 58.3 54.5 
55.1 60.3 55.2 
56.5 62.0 57.6 
58.1 63.8 59.2 
59.4· 65.5 60.5 
60.9 67.2 62.0 
61.9 68.8 63.3 
62.7 70.2 64.4 
63.5 71.6 65.7 
64.3 72.5 67.0 
65.1 73.8 68.1 
66.0 74.5 69.1 
66.2 75.8 70.2 
66.4 76.4 70.8 
66.6 76.9 71.7 
67.0 77.3 72.4 
67.3 77.9 73.3 
67.6 78.3 73.7 
67.9 79.0 73.9 
79.7 74.2 
F. P. (Scale Units) 66.0 76.1 73.8 
F. P. ( 0 c.) 
-21.2 -36.8 -33.3 
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'rABLE IV-5 
COOLING CURVES, SAMPLES C-13, 14, 15, 16, 17, 18, and 19 
calibration: 
Benzene 
Water 
Chlorobenzene 
samEle C-13 
36.4 
41.0 
47.4 
52.2 
56.7 
Temperatures 61.5 (Scale Units) 64.8 
at 15 second 67.8 
intervals. 70.5 
73.0 
75·3 
77.1 
78.8 
79.8 
80.5 
81.2 
82.0 
82.6 
83.2 
83.8 
84.5 
85.1 
85.a 
86.4 
86.8 
F. P. (Scale Units)78.8 
F. P. ( oc.) -43.5 
Eutectic Temp. (Scale Units) 87.1 
Eutectic Temp. ( oc.) -57.0 
F. P. ( °C.) 
+5.48 
o.o 
-45.2 
87.2 87.1 
87.5 87.1 
87.8 87.1 
87.8 87.1 
87.5 87.1 
87.1 87.1 
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87.1 87.1 
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87.1 87.3 
87.1 87.3 
87.1 87.4 
87.1 87.5 
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87.1 87.8 
87.1 87.9 
87.1 88.0 
87.1 88.1 
87.1 88.2 
87.1 88.3 
87.1 88.~ 
87.1 88.5 
87.1 88.7 
87.1 89.0 
F. P. {Scale Units) 
48.8 
52.1 
79.9 
89.7 
90.5 
91.2 
91.9 
92.5 
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sam;ele C-14 
-
36.1 
39·5 
45.0 
50.9 
56.0 
59.8 
63.7 
Temperatures 66.5 (Scale Units) 69.4 
at 15 second 72.0 
intervals. 73.8 
75·5 
77.0 
78.4 
79.8 
81.0 
82.0 
82.5 
83.0 
83.5 
83.9 
84.3 
84.8 
85.2 
85.7 
86.0 
86.4 
86.8 
87.0 
87.2 
87.5 
87.8 
87.9 
87.8 
F. P. (Scale Units) 
F • p • (oc.) 
Eutectic Temp. (Scale Units) 
Eutectic Temp. (oc.) 
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TABLE IV-5 
(Continued) 
87.5 87.2 
87.3 87.2 
87.2 87.2 
87.2 87.3 
87.2 87.4 
87.2 87.5 
87.2 87.6 
87.2 87.7 
87.2 87.8 
87.2 87.9 
87.2 88.0 
87.2 88.1 
87.2 88.3 
87.2 88.5 
87.2 88.9 
87.2 89.3 
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-48.5 
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C-15 
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42.0 87.2 87.6 
49.5 87.2 87.7 
55·5 87.2 87.8 60.8 87.2 88.0 
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69.0 87.2 88.4 
72.1 87.2 88.7 
74.5 87.2 89.1 
76.9 87.2 89.6 
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81.5 87.2 
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36.0 
41.0 
50.9 
57.8 
64.0 
69.2 
73.0 
75.6 
78.3 
Temperatures 80.3 (Scale Units) 82.0 
at 15 second 83.3 
intervals. 84.5 
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86.5 
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F • p • (Scale Units) 
F • p • < oc.) 
Eutectic Temp. (Scale Units) 
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TABLE IV•5 
(Continued) 
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TABLE IV-~ 
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sam;ele C-18 C-19 
- 36.2 83.6 36.5 
38.7 83.6 40.4 
42.6 83.6 47.8 
47.5 83.6 53·5 
50.9 83.7 58.5 
54.0 83.7 63.5 
56.5 83.8 67.2 
Temperatures 59.0 83.8 70.7 (Scale Units) 61.2 83.9 73.8 
at 15 second 63.5 83.9 76.1 
intervals. 65.3 84.0 78.2 
67.1 84.0 80.1 
68.9 84.1 81.7 
70.3 84.1 82.5 
72.0 84.2 82.5 
73.3 84.3 82.5 
74.3 84.4 82.5 
75.4 84.5 82.5 
76.9 84.6 82.5 
78.1 84.7 82.5 
79.1 84.8 82.5 
80.2 84.9 82.5 
81.2 85.o 82.5 
82.2 82.5 
82.8 82.5 
83.3 82.5 
83.9 82.7 
84.3 82.9 
84.8 83.0 
85.4 83.2 
85.8 
84.2 
83.8 
83.6 
F. P. (Scale Units) 83.6 82.5 
F. P. <oc. > -51.4 -49.5 
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- TABLE IV-6 
COOLING CURVES 1 SAMPLES C-22 1 and 23 
calibration: F. p. ( oc.) F. P. (Scale Units) 
Benzene +5.48 48.6 
Water o.o 51.8 
Chlorobenzene 
-45.2 79.8 
samEle C-22 C-23 
35.3 35.5 87.2 87.2 
37.8 39.0 87.2 87.2 
42.5 47.0 87.2 87.3 47.2 53.0 87.2 87.3 51.5 57.2 87.2 87.3 55.0 61.2 87.2 87.4 
57.9 64.8 87.2 87.4 59.0 68.0 87;2 87.4 Temperatures 59.8 ' 70., 87.2 87.5 (Scale Units) 60.5 72.2 87.2 87.5 
at 15 second 61.4 74.0 87.2 87.5 intervals. 62.1 75.9 87.2 87.6 62.6 77.5 87.2 87.6 
78.9 87.2 87.6 
80.0 87.2 87.7 
81.0 87.2 87.7 
81.9 87.2 87.7 
82.5 87.2 87.8 
83.0 87.2 87.8 
83.6 87.2 87.8 
84.1 87.2 87.9 84.8 87.2 87.9 
85.5 87.2 87.9 
85.9 87.2 88~0 
86.2 87.2 88.1 
86.6 87.2 88.2 
86.6 87.2 88.3 
86.6 87.2 88.4 
86.7 . 87.2 88.6 
87.0 87.2 88.8 
- (scale Units)5B.2 8z.2 8t.2 82.2 F. P. 8 .6 
F. 0 P. ( c.) 
-10.1 
-56.2 
Eutectic Temp. (Scale Units) 
---- 8t.2 Eutectic Temp. (C.)---- -5 .o 
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TABLE IV-1 
COMPOSITIONS AND EQUILIBRIUM POINTS OF MIXTURE 
THE SYSTEM BENZENE-CHLOROBENZENE 
- Percent Mol Freezing Eutectic 
sample Chlorobenzene Percent Point Tsmp. 
By Weight Chlorobenzene <oc.) ( c.) 
o-1 (iiH) 5.48 
c-2 6.33 4.49 2.50 
c-3 13.00 9.39 -1.50 
c-4 15.89 13.60 -4.2 
c-5 23.04 17.12 -6.6 
c-7 32.69 25.40 -14.8 
c-8 40.15 32.10 -18.0 
c-9 43.64 34.9 ... 21.2 
0-10 61.48 52.5 -36.8 
c-11 57.84 48.5 -33.3 
c-13 65.67 57.0 -43.5 -57.0 
c-14 70.12 61.9 -48.5 -57.2. 
C-15 72.92 65.2 
-57.2 
C-16 80.93 74.7 -55 • .6 
-57-5 
C-17 84.47 79.0 -53.8 
C-18 87.86 83.5 -51.4 
c .. 19 92.07 89.0 -49.5 
c .. 22 27.03 20.~ -10.1 
0·23 74.86 67.9 -56.2 -57.0 
ICl 100.00 100.00 -45.2 
Itt 
:=li:t.' 
H ~ 
lr . ltfl_, ~~ J 1$' 
rf± fr -+ t:'±tl 
, I ~t ' l±t It-': 
hlp tn~: . 
l::tl:tl i.!i: 
lt:t 
J- * 
:t ' ~!F 1 I lj: i . ' l~:!li .. 
l+dE: 
f+' ''-'+ 
ttl+ tll1ff ~E 
IR= o m 
lrl 
il 
n H 
1"rr 
11 IE t. +I ! I ~ ~!' F -~ 1 ++1 He :l [ 'M it,ct IH ,,•; tt H+ ~~~ .-t f9" ~t-H= rl' ~ ~ ~ g :r ~ ~@Tt tl 
. :tfu ~··· Ei : '7 ;.,-f-! ~\ It:· I • 
1,-'lJH 
,•, 
?.i1 fF. I+ "- · l ~ i± ±+ I ii- tH ,_ K" I t£ 
.,, i 
G!. i+rh 
I 
~~ y 11+:. '"f C'l=< ~ ~g h' i± I . ,, ~t ,~.g I i ft F fi: T §i~ ~tf ·.u ·+uiti: ~ ~~ ~rr ~~rF· '<+ I t;~++' 
a:r£ llf2 II t:t 
"+~II~: b 
II·~ H-' atBJ ·!-H ·-'+ " f!rc tF¥~ -o-t-t ttt i E1 ~-·' t$i 8 ~:H ' 
r- flf :qi Tt IH 
-: . tm :+ It ;I'-lli h 
-,:- -':: 11---: jt.;-:t It 
~:: Hlti 
t~ ~~ ' ;:; ~ H:;:P' 
-:::- ·lr -~+ -:!+ ~ :i . . '"-'· >k 
~ !: I .4 f++-' lf-n -+ 
[! ~.· I~ ftc! 
r.•l f- tIt jJ 
~gi r:: .· I'+ t ; ~ I 
H ~ '± 'c 
~ ~ . +:-:t ~ :·;:+ 
[It: It- rt· elf I t tj' 
[~t l ~r ~..11~ lrt:tt 1++:-+ ~lrJitfW v '1 . ~-± . IU ~~~4-t .. l·t 1t:r.. l±ir. J,,. 
f rat:~ Iff ~~~ ltl+t ::. -' t:t!. : ~ k+!-;.(--: W:h l~tt ~:- tx-;.~ 1 ~ :~ c; 
:•. ~ T ~ ~~ . irt T / t It ,+·rt;. • ~' ,t+ti j± Ftf ~ ·i -'!-"::' ' l•·r. ' 
~! .::t_ 4 -m.j: ,t; :j:: Itt +j: tr l ~I- l;tf .:r ' ,;1 ~~ ~ . J 1-rn m ( f ++ 1+ '-' 1l li-l:t 1 t:j' 
g+ lit m 1 ~ ff + lrl f'H '+ [1.' j-.l' •;·>- IP: 
I t!i, E If: 'f+: IWw t: h+-r:t lilt 1 tt li ti .v r.J +, + 13' 
f ~ • • ,-+ 
.. . '+ rJ•• IE. ltJi l!'r tJi ' -,.i-i-fi'-'H trmi It i+ tt ;± ' a~ H '~ li 
;~ I fill ~a;•l rlf _h ~li,t+$ :~ ~ ~R- ~ ~[ fttlt• :t ~~H- ~~t @~Ia ·'+ mh ./ 1:1 :;:: ~s ~r n . ·-+ $ fh j 1t' J- 4-' ' ·~ ,;{; -t-t Et 'ii:t it tE t tNt •km li ~ ' ~ ''t b ~ 4 !-+ .....5' I) ~· .~ ill L 1t, I+' ~ 1-'+ ll ~2m H --::: :f:t ' tr , It ~ · .~ f I I ~~lli 1: 
I' 
f J:, r+: t 
1 it 'rt-+: H' 
... (•o .. ) : aun~mrmali 
V. RESULTS: THE SYSTEM BENZF.NE-FLUOROBENZENE 
Observations on the benzene-fluorobenzene system are 
presented in the form of tables and graphs on the following 
pages. Table V-1 summarizes the data on the preparation 
of the samples for this system. Tables V-2 to V-6 inclu-
sive present the data in connection with the calibration of 
the instrument and the pyrometer readings for each group 
of samples. Accompanying each of these (Tables V-2 to v-6) 
is a set of curves plotted from the corresponding data. The 
observed data from the cooling curves of the system are in 
turn summarized in Table V-7; from these the equilibrium 
diagrams of the system follow. 
,. 
t:. 
TABLE V-1 
COMPOSITION OF SAMPLES: THE SYSTEM BENZENE-FLUOROBENZENE 
----
Weight of Weight of Total Percent Percent 
§!!El! Fluorobenzene Benzene Weight Fluorobenzene Benzene 
F-1 0.0000 g 8.7351 g 8.7351 g o.oo 100.00 
F-2 0.5085 8.1471 8.6556 5.87 94.13 
P'-3 1.0405 7.6127 8.6532 12.02 87.98 
F-4 1.5533 7-3381 8.8914 17.47 82.53 
F-5 2.0832 6.8996 8.9828 23.19 76.81 
F-6 2.5345 6.6471 9.1816 27.60 72.40 
r-7 3.0188 6.0093 9.0281 33.44 66.56 
F-8 4.2544 5.2701 9.5245 44.67 55.33 
F-9 4.0200 5.1313 9.1513 43.93 56.07 
F-10 4.5147 4.6105 9.1252 49.48 50.52 
F-11 4.9888 4.2261 9.2149 54.14 45.86 
F-12 5-3936 3.9141 9.3077 57-95 42.05 
F-13 6.0713 3.4671 9-5384 63.65 36.35 
F-14 6.6433 2.9603 9.6036 69.18 30.82 
F-15 7.1046 2.6451 9.7497 72.87 27.13 
F-16 7.5967 2.2452 9.8419 77.19 22.81 
F-17 8.0784 1.7318 9.8102 82.35 17.65 
F-18 8.5435 1.2993 9.8428 86.79 13.21 
F-19 9.0837 0.8775 9.9612 91.19 8.81 
F-20 10.2930 o.oooo 10.2930 100.00 o.oo 
TABLE V-2 
COOLING CURVES, SAMPLES F-1, 2, 3, 4, 5 1 6 1 7, and 8 
calibration: F. P. (°C.) F. P. iScale Units 
Benzene +5.48 
Water 0.0 
Carbon Tetrachloride -22.9 
~mple F-1 F-2 
33.7 34.0 
38.5 37.1 
43.0 43.2 
46.9 47.0 
47.9 49.2 
Temperatures 48.1 49.6 (Scale Units) 48.1 so.o 
at 15 second 48.1 50.4 
intervals. 48.1 50.7 
48.1 51.0 
48.1 51.3 
48.1 51.5 
48.1 51.8 
48.1 52.3 
48.1 
48.7 
49.9 
51.6 
53·7 
55·7 
F • p • (Scale Units) 48.1 49.2 
F • P • ( °C • ) 5 • 48 3 • 0 
F-3 F-4 
33.8 36.3 
37.0 37.7 
42.4 40.8 
46.9 44.0 
50.2 47.3 
51.3 50.3 
51.5 52.4 
51.8 54.6 
51.8 55.0 
51.8 55·3 
51.8 55.5 
51.8 56.0 
52.2 56.3 
52.5 56;§ 
53.0 56.8 
53·5 57.0 
54.3 
51.8 54.6 
-0.8 -5.3 
F-5 
48.1 
51.3 
65.5 
33.5 
38.0 
45.0 
50.3 
54.1 
55.8 
56.2 
56.7 
57.1 
57·3 
57.8 
58.3 
59.1 
60.1 
61.1 
56.0 
-7.5 
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at 15 second 
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F. P. (Scale Units) 
F. P. ( °C.) 
TABLE V-2 
(Continued) 
F-6 
32.0 
36.3 
43.4 
49.0 
54.0 
57.8 
59.2 
60.1 
60.8 
61.7 
62.7 
63.4 
64.3 
65.5 
f>6.7 
!:::1 
31.7 
36.0 
41.3 
47.0 
51.6 
55.2 
59.0 
60.8 
61.6 
62 ·5 
63.1 
63.9 
64.4 
65.1 
65.7 
66.3 
67.1-
58.5 
-11.6 
60.8 
-15.5 
F-8 
31.5 
36.7 
44.1 
49.8 
54.3 
58.9 
62.4 
65.1 
66.5 
67.5 
68.7 
69.6 
70.5 
71.3 
72.0 
72.8 
73.8 
74.f> 
75·3 
76.0 
76.7 
65.1 
-22.5 
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TABLE V-3 
COOLING CURVES, SAMPLES F-9, 10 1 11 and 12 
Calibration: t. P. (°C.) F. P. ~Scale Unitsl 
Benzene +5.48 48.1 
Water 0.0 51.3 
Ch1orobenzene -45.2 78.4 
~mple F-2 
31.7 
33.0 
38.5 
42.1 
45.8 
48.8 
Temperatures 50.6 
·(Scale Units) 53.4 
at 15 second 56.0 
intervals. 58.4 
60.5 
62.3 
64.1 
65.1 
65.8 
66.3 
67.0 
67.6 
68.4 
69.1 
69.9 
70.8 
F. P. (Scale Units) 65.0 
F. P. ( °C.) -22.7 
F-10 
31.3 
35.6 
43.1 
49.3 
54.1 
58.8 
62.6 
66.0 
68.0 
69.3 
70.6 
71.5 
72.6 
73.6 
74.6 
75.9 
76.8 
68.0 
-27.6 
F-11 
31.2 
34.0 
40.7 
47.7 
53.1 
58.2 
62.1 
65.8 
69.5 
70.9 
72.1 
73.2 
74.1 
75.2 
76.5 
77.3 
70.3 
-31.6 
F-12 
-
33·3 
39.0 
45.8 
51.7 
57.0 
61.5 
65.1 
68.2 
71.0 
73.3 
74.2 
75.4 
76.5 
77.6 
78.8 
73.3 
-36.6 
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TABLE V-4 
COOLING CURVES 1 SAMPLES F-1~ 1 14 1 and 11 
calibration: F. P. ~ °C ·l F. P. ~Scale UnJ:,s 
Benzene +5.45 48.44-
Water o.o 51.8 
Carbon Tetrachloride -22.9 66.2 
§ample a F-1~ F-14 
36.0 78.2 81.8 36.6 82.3 82.7 
36.9 78.7 81.8 38.0 82.3 82.8 
40.0 79.2 81.8 42.7 82.3 82.9 
43.2 79.7 81.8 47.4 82.3 83.0 
46.1 80.2 81.8 51.5 82.3 83.1 
48.8 80.7 81.8 55.1 82.3 83.2 
Temperatures 50.9 81.2 81.8 58.8 82.3 83.3 (Scale Units) 53.1 79.8 81.9 61.5 82.3 83.4 
at 15 second 54.9 79.8 82.0 64.1 82.3 83.6 
intervals. 57.0 80.2 82.1 66.9 82.3 83.9 
58.6 80.4 82.2 69.0 82.3 84.3 
60.1 80.8 82.3 71.2 82.3 84.8 
61.4 81.2 82.4 73.1 82.3 85.3 
63.0 81.5 82.6 74.8 82.3 86.0 
64.2 81.8 82.8 76.2 82.3 
65.8 81.8 83.1 77.3 82.3 
67.1 81.8 83.4 78.5 82.3 
68.3 81.8 83.8 79.7 82.3 
69.5 81.8 84.5 8o;s 82•J 
70.4 81.8 81.7 82.3 
71.3 81.8 82.3 82.3 
72.3 81.8 82.3 82.3 
73.2 81.8 82.3 82.3 
74.0 81.8 82.3 82.3 
74.9 81.8 82.3 82.5 
75.8 81.8 82.3 82.5 
76.4 81.8 82.3 82.5 
77.1 81.8 82.3 82.7 
11·f 81.8 82.~ 82.1 F. P. (Scale Units 79.8 
F • p • ( oc.) 
-45.0 
Eutectic Temp. 
(Scale Units) 81.8 82.3 
Eutectic Temp. ( oc.) 
-48.3 -49.0 
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Temperatures 
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at 15 second 
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TABLE V-4 
{Continued) 
F-17 
35.0 81.1 
40.1 81.1 
47.5 81.1 
54.0 81.1 
59.6 81.1 
64.5 81.2 
68.8 81.3 
72.1 81.4 
75.3 81.6 
77.1 81.9 
79.2 82.3 
80.3 82.8 
80.3 83.5 
80.3 84.5 
80.3 85.7 
80.4 
80.7 
80.9 
81.1 
81.1 
81~1 
81.1 
81.1 
81.1 
81.1 
81.1 
81.1 
81.1 
81.1 
81.1 
81.1 
81.1 
81.1 
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TABLE V-5 
COOLING CURVES 1 SAMPLES 15 and 16 
calibration: F. P. < °C .) F • p • ~Scale Units} 
. 
Benzene +5.48 48.8 
Water o.o 51.9 
Ch1orobenzene 
-45.2 79.8 
§_ample F-15 F-16 
35.8 76.5 82.3 36.2 77.8 81.8 
36.9 77.1 82.3 37.1 78.3 81.8 
39.2 77.7 82.3 39.7 79.0 81.8 
42.5 78.4 82.3 42.8 79.7 81.8 45.2 79.0 82.3 45.4 80.3 81.8 Temperatures 47.9 79.7 82.3 47.9 80.6 81.8 {Scale Units) 49.8 80.2 82.3 49.8 81.0 81.8 
at 15 second 51.7 80.5 82.3 51.9 81.0 81.8 intervals. 53.7 81.1 82.3 54.1 81.0 81.8 
55.7 81.6 82.3 56.0 81.0 81.8 
57·5 81.6 82.3 58.0 81.0 81.8 
59.2 81.6 82.3 59.6 81.3 81.9 60.7 81.6 82.4 61.2 81.5 82.1 62.1 81.6 82.5 62.8 81.8 82.2 
63.7 81.6 82.6 64.2 81.8 82.4 64.9 81.7 82.7 65.7 81.8 82.6 66.3 81.8 82.8 67.2 81.8 82.8 
67.5 82.0 82.9 68.4 81.8 83.0 68.8 82.3 83.0 69.7 81.8 83.5 70.0 82., 83\1 70.9 81.8 83.9 71.1 82.3 83.3 72.0 81.8 84.4 
72.1 82.3 83.6 73.0 81.8 
72.9 82.3 83.9 73.9 81.8 
73.8 82.3 84.5 74.8 81.8 
74.5 82.3 75.6 81.8 
75.2 82.3 76.3 81.8 
76.0 82.3 77.0 81.8 
F • p • (Scale Units) 81.6 81.0 
F • p • ( oc.) 
-47.8 
-47.0 
Eutectic Temp. (Scale Units) 82.3 81.8 
Eutectec Temp. {OC •) 
-49.0 
-48.7 
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TABLE V-6 
COOLING CURVES 1 SAMPLES F-18 1 19. and 20 
calibration: F. P. (00.) F. P. (Scale Units) 
Benzene +5.48 48.2 
Water o.o 51.3 
F1uorobenzene -41.2 76.8 
samE1e F-18 F-19 
:33.0 33·5 78.4 79.0 
36.5 36 ·5 78.4 79.1 
40.2 43.4 78.4 79.4 
45.2 49.8 78.4 79.9 
49.0 55·0 78.4 80.7 
Temperatures 53.1 59.6 78.4 (Scale Units) 57·5 63.2 78.11-
at 15 second 60.8 66.1 78.4 
intervals. 64.2 69.3 78.4 
67.1 72.0 78.4 
69.5 74.1 78.4 
71.8 76.1 78.4 
73.5 77·5 78.4 
75·5 78.2 78.4 
76.8 78.4 78.4 
78.2 78.4 78.4 
78.8 78.4 78.5 
78.8 78.4 78.5 
78.8 78.4 78.5 
78.8 78.4 78.5 
78.8 78.4 78.6 
78.8 78.4 78.6 
78.9 78.4 78.7 
79.0 78.4 78.7 
79.1 78.4 78.8 
79.2 78.4 78.8 
79.3 78.4 78.9 
79.4 78.4 78.9 
F. P. (Scale Units) 78.8 78.4 
F • p • ( 00.) -44.5 .-"43.7 
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TABLE V-6 
(Continued) 
F-20 
33.0 
36.5 
42.8 
49.0 
53.1 
57.3 
61.1 
63.1 
66.0 
68.8 
70.8 
72.9 
74.4 
76.0 
76.6 
76.8 
76.8 
76.8 
76.8 
76.8 
76.8 
76.8 
76.8 
76.8 
76.8 
76.8 
76.8 
76.8 
76.8 
76.8 
76.8 
76.8 
76.8 
76.9 
76.9 
76.9 
76.9 
76.9 
77.0 
77.0 
77.0 
77.0 
77.0 
77.0 
77.1 
77.1 
77.1 
77.1 
77.1 
77.2 
77.2 
77.3 
77.4 
77.6 
77.8 
78.1 
78.4 
78.8 
79.3 
80.2 
81.0 
82.0 
76.8 
-41.2 
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TABLE V-7 
COMPOSI'riONS AND EQUILIBRIUM POINTS OF MIXTURES 
THE SYSTEM BENZENE-FLUOROBENZENE 
Percent Mol Freezing 
sample Fluorobenzene Percent Point Eutectic 
BI Weip;ht F1uorobenzene <oc.) Temp. { °C.) 
F-1 · (itiH) 5.48 
F-2 5.87 4.85 3.0 
F-3 12.02 9.95 -0.8 
F-4 17.47 14.7 
-5·3 
F-5 23.19 19.7 
-7.5 
F-6 27.60 23.6 -11.(5 
F-7 33.44 29.0 
-15.5 
F-8 44.67 39.6 -22.5 
F-9 43.93 38.9 -22.7 
F-10 49.48 44.4 
-27.6 
F-11 54.14 48.1 
-31.6 
F-12 57.95 53.4 -36.6 
F-13 63.65 58.7 -45.0 
-48.3 
F-14 69.18 64.1 
-49.0 
F-15 72.87 68.1 
-47.8 -49.0 
F-16 77.19 73.5 -47.0 -48.7 
F-17 82.35 79.0 
-45.5 -47.0 
F-18 86.79 84.4 
-44.5 
F-19 91.19 89.5 -43.7 
F-20 {itiC1) 100.00 100.00 
-41.2 
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VI. INTERPRETATION OF RESULTS 
The equilibrium diagrams or both systems were plotted 
on the basis or percent by weight composition as well as 
mol percent composition. They are plotted individually and 
as composite diagrams. 
An inspection and comparison of the curves obtained 
permits the following conclusions: 
1. There is no evidence for compound formation in 
either of the two systems. 
2. The addition of one component to the other lowers 
the freezing point. 
3. Both systems are simple eutectic systems. The 
eutectic point of the system benzene-chlorobenzene is round 
at the intersection of the two branchea of the curve. This 
point corresponds to a temperature of -57.2° c., and a 
composition of 72.92 percent chlorobenzene by weight. Simi-
larly, the eutectic point of the system benzene-fluoroben-
zene corresponds to a temperature of -49.oo c., and a com-
position of 69.18 percent fluorobenzene by weight. 
4. When the composition is expressed by weight per-
centages, the ad0ition of fluorobenzene to benzene causes a 
greater lowering of freezing point than an equal weiept of 
chlorobenzene. This behavior is to be expected because of 
the lower molecular weight of fluorobenzene as compared to 
chlorobenzene. On the other hand, when the composition is 
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expressed by mol percentages, the addition of chlorobenzene 
to benzene causes a greater lowering of freezing point for 
a given composition than does fluorobenzene, indicating 
that the difference in the freezing points of the two com-
ponents (chlorobenzene -45.2° c.; fluorobenzene -41.2° c.) 
is influencing the differences in behavior of the two sys-
tems to an appreciable extent; then too, the eutectic com-
positions are more nearly equal. 
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